Background/Aims: Autophagy is a process of evolutionarily conservative degradation, which could maintain cellular homeostasis and cope with various types of stress. LncRNAs are considered as competing endogenous RNAs (ceRNAs) contributing to autophagy. GAS5 has been suggested as a new potential factor to mediate autophagy pathway and the underlying mechanism remains to be further confirmed. This study was taken to identify the effect of GAS5/miR-23a/ATG3 axis on autophagy and cell viability. Methods: The western blotting assay was used to detecte the protein levels of LC3, mTOR, Beclin-1, ATG3, ATG5-ATG12 complex and p62. The mRNA level of Pre-miR-23a, Pri-miR-23a, miR-23a, GAS5, LC3, mTOR and ATG3 were quantified by real-time RT-PCR. Dual-luciferase reporter assays were performed to confirm the direct binding of miR-23a and ATG3 or GAS5. Cell viability was evaluated by CCK-8 and flow cytometry. Results: We showed that miR-23a could directly suppress ATG3 expression in 293T cells, which suggested that ATG3 was identified as a target of miR-23a. MiR-23a mimics could restrain LC3Ⅱ, Beclin1 levles and ATG5-ATG12 complex formation. Meanwhile, miR-23a also increased the expression of mTOR and p62. Notably, there was a putative miR-23a-binding site in GAS5. MiR-23a overexpression might suppress the GAS5 expression, but the repressive effect was abolished by mutation of binding sites. Importantly, overexpression of GAS5 could inhibit the mature miR-23a and has no effect on miR-23a precursors. Knockdown of GAS5 suppressed the expression of LC3Ⅱ, ATG3 and ATG5-ATG12 complex formation, whereas p62 and mTOR levels were promoted. The further results showed that miR-23a overexpression and GAS5 inhibition both significantly suppressed cell viability and promoted the apoptosis rate following LPS stimulation, and knockdown of miR-23a exhibited the opposite effects. Conclusions: Our study revealed that down-regulation GAS5 attenuated cell viability and inhibited autophagy through ATG3-dependent autophagy by regulating miR-23a expression. The results suggested that GAS5/miR-23a/ATG3 axis might be a novel regulatory network contributing to a better understanding of regulation on autophagy program and cell viability.
Introduction
Autophagy is an evolutionarily conserved process that breaks down damaged organelles and macromolecules through lysosomal-dependent degradation, and it is involved in a variety of vital movements including cell homeostasis, cancer, heart failure, aging and neurodegenerative diseases [1] [2] [3] . More than 30 autophagy related proteins (ATG) are essential drivers of autophagy pathways [4] . During autophagy, microtubuleassociated protein 1 light chain 3-I (LC3-I) is shifted to E2-like enzyme ATG3 connected with phosphatidyl ethanolamine (PE), and then lipidated to LC3-Ⅱ with the help of ATG5-ATG12-ATG16 complex, which contributes to promote autophagosome formation. The conversion from a cytosolic form of LC3-I to LC3-II, has been shown to be an autophagosomal marker in mammals [5, 6] . Beclin1 is a phylogenetically conserved protein that is an essential regulator for autophagy [7] . It functions as a scaffold protein to constitute the class III PI3K (phosphoinositide 3-kinase) complex, promoting autophagy by recruiting ATG9, ATG14L and UVRAG into autophagosome membrane [8, 9] . Furthermore, LC3 can trap p62 and selectively transport it into the autophagosome. Accumulation of p62 has been used as a marker for inhibition of autophagy or defect in autophagic degradation [10] . As suggested, LC3Ⅱ and Beclin1 were autophagy markers to monitor the autophagy flux, and p62 was an autophagic substrates to verify the lysosome degradation [11] . Although，great efforts have been made to understand the basic process and molecular mechanism, the detailed mechanism of autophagy remains to be elucidated.
As researches have progressed, approximately 90% of human genome is extensively transcribed, but only 2% of them serve as protein-coding genes. The majority of the remaining transcripts with no protein-coding capacity are transcribed into non-coding RNAs (ncRNAs), especially microRNAs (miRNAs) and long non-coding RNAs (lncRNAs) [12] . MiRNAs have been indicated to be involved in regulating various physiology processes, such as cellular proliferation, differentiation, as well as apoptosis predominantly through base pairing with the 3'-UTR of target mRNA [13, 14] . It is well documented that miRNAs function as autophagy regulator via specifically regulating autophagy related genes [2, [15] [16] [17] . MiR-23a, belonging to miR-23a~24-2~27a gene cluster, functions in cell differentiation, tumor growth and metastasis [18] [19] [20] . Recently, miR-23a was found to be an inducer of autophagy. Down-regulated miR-23a contributed to the metastasis of cutaneous melanoma by promoting autophagy through directly targeting ATG12 [21] . Forced expression of miR23a-5p inhibited the activation of autophagy through TLR2/MyD88/NF-κB pathway by targeting TLR2 [22] . Besides, antagomir-mediated inactivation of miR-23a resulted in the stimulation of PUVA-and UVB-depressed autophagy flux and protected human fibroblasts from premature senescence by targeting AMBRA1 [23] . Although accumulating studies have demonstrated that miR-23a participates in the regulation of autophagy, the role of miR-23a in the autophagy response has yet been fully elucidated.
Long non-coding RNAs (lncRNAs) are a class of RNAs with molecular weight of more than 200 bases in length and initially reported to participate in various cellular process, including mRNA stability, post-transcriptional regulation, chromosome modification [24] . Also, emerging studies have implicated that lncRNAs are considered as competing endogenous RNAs (ceRNAs) contributing to autophagy. Wang et al. found that lncRNA APF regulates autophagy and myocardial infarction though sponging miR-188-3p [25] , and lncRNA FLJ11812 activated autophagy through sponging miR-4459 in vascular endothelial cells [26] . In addition, lncRNA HOTAIR was reported to activate autophagy for promoting hepatocellular carcinoma cell proliferation by upregulating ATG3 and ATG7 expression [27] . BRAF-activated lncRNA contributed to cell proliferation and apoptosis by activating autophagy in papillary thyroid carcinoma [28] . Accumulating evidences demonstrated that lncRNA growth arrest-specific 5 (GAS5) acted as a powerful regulator of various biological activities, including tumor metastasis [29] , vascular remodeling [30] , autoimmune and inflammatory diseases [31] . Recently, GAS5 has been reported to involve in autophagy in NSCLC cells [32] , and negatively correlated with mTOR [33, 34] , which is a crucial regulator of autophagy [35] . Although GAS5 has been suggested to mediate autophagy program, the underlying mechanism still remains to be further confirmed.
In our study, we investigated that miR-23a participated in autophagy by suppressing ATG3 transcription and translation. Knockdown of GAS5 inhibited autophagy related gene expression and increased mTOR and p62 levels. We further suggested that GAS5 might directly bind to miR-23a and a mutual negative correlation between GAS5 and miR-23a was received. Also, the function in autophagy modulating by GAS5-miR-23a interaction was investigated. Additionally, our data indicated that GAS5 and miR-23a could influence the proliferation and apoptosis in 293T cells following LPS stimulation. Based on these findings, we hypothesized that GAS5/miR-23a/ATG3 axis might exhibit a crucial role in autophagy regulation and cell viability.
Materials and Methods
Cell culture and Transfection 2 × 10 5 293T cells were plated into six-well plates and cultured in DMEM (Cat.no: SH3002201, Hyclone, USA) medium supplemented with 10% fetal bovine serum (Cat.no: 1027-106, Gibco, USA), 100 U/mL penicillin, and 100 mg/mL streptomycin (Invitrogen) in humidified air at 37 °C with 5% CO 2 . Cells at a confluence of 70-80% were transfected mimics and inhibitor at a final concentration of 50 nM using the Lipofectamine 2000 (Cat.no: 1756108, Invitrogen, USA) according to the manufacturer's instructions. MiR-23a mimics/mimics NC and miR-23a inhibitor/inhibitor NC were commercially synthesized by Genepharma (Shanghai, China). Specific siRNA against GAS5 (5'-GCAAGCCUAACUCAAGCCAdTdT-3', 3'-dTdT CGUUCGGAUUGAGUUCGGU-5') was synthesized by RiboBio (Cat.no: siG1371095114, Guangzhou, China).
Plasmid construction
The 3'-untranslated region (3'-UTR) of ATG3 fragment containing putative binding sites (ATGTGA) for miR-23a was amplified by PCR (sense: 5'-CCTCGAGTGAAGAGCACATAGAATCTATC-3'; antisense: 5'-TTGCGGCCGCGCAATCTGAAGTGACACTC-3') from human genomic DNA and cloned into psiCHECK™-2 dual luciferase reporter plasmid (Promega) to construct psiCHECK TM -2-WT-ATG3 (WT-ATG3). The predicted target site was mutated to CGAGTG and the recombinant plasmid psiCHECK TM -2-MT-ATG3 (MT-ATG3) was constructed by mutagenesis PCR. The complementary DNA encoding GAS5 (exon 4-intron 4-exon 5) was synthesized by Tsingke (Beijing, China) and subcloned into the pcDNA3.1 vector. LncRNA-GAS5 (exon 4-intron 4-exon 5) or its point mutations in specific miR-23a binding sites was also cloned into psiCHECK™-2 vector. The luciferase plasmid of psiCHECK™-2-GAS5-WT (GAS5-WT) or psiCHECK™-2-GAS5-MT (GAS5-MT) was respectively produced.
Quantitative real-time PCR (qPCR)
Total RNAs from cells were extracted after transfected 24 h using Trizol reagent (Invitrigen) and 1 µg RNA was reverse transcribed with reverse transcriptase (Toyobo) using the stem-loop RT primer (U6: 5′-GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACAAAATATGG-3′, miR-23a: 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGAAATC-3′) and oligodT (Qingke, China). The RT products were quantified using SYBR Greenreal-time PCR (Cat.no: QPK-201, Toyobo) on the LightCycler® 96 real-time PCR detection system (Roche, Switzerland). Comparative quantification was calculated utilizing the 2 -ΔΔCt method and normalized to U6 or GAPDH levels. All samples were performed in triplicate. Specific primers (Qingke, China) used are as follows (Table 1) .
Western blotting assays
The cells were lysed in RIPA buffer (Cat.no: PP1202, Aidelai, China) for 50 min on ice. The total protein concentration of the cell lysate was determined by the bicinchoninic acid method (Cat.no: PP0101, Aidelai, China). The proteins were separated by 8% or 12% polyacrylamide gel electrophoresis containing 0.1% SDS and transferred to PVDF membranes. The membranes were incubated for 2 h at room temperature in (1:1000, 12741, CST, USA), Beclin1 (1:1000, 3495, CST, USA) and GAPDH (1:3000, GB12002, Servicebio, China), β-tubulin (1:3000, GB13017-2, Servicebio, China) at 4 °C overnight. After being washed 3 times with TBST, the membrane was incubated with HRP-conjugated anti-IgG (1:3000, GB23303, Servicebio, China) at room temperature for 2 h. GAPDH or β-tubulin was used as an internal control. The reacted proteins were visualized using an electrochemiluminescence (ECL) system (Biotanon, China) and protein ratios were calculated following Image J densitometric analysis.
Luciferase activity assays 3 × 10 4 293T cells were plated in 24-well plates and cultured for overnight at 37 °C. Subsequently, cells at a confluence of 70-80% were co-transfected either WT-ATG3 or MT-ATG3 (50 ng) and miR-23a mimics or negative control mimics (50 nM). At the same time, GAS5-WT and GAS5-MT (50 ng) were respectively co-transfected either specific miR-23a mimics or the negative control mimics (50 nM) using Lipofectamine 2000. Firefly and renilla luciferase activities were measured consecutively using the dual-luciferase reporter assay system kit (Cat.no: E1910, Promega) at 48 h after transfection. Luciferase activity was used as normalization.
Cell proliferation assays
Cell proliferation assays were carried out using Cell Counting Kit-8 (CCK-8) kit (Cat.no: BS350B, Biosharp, China). 293T (5 × 10 3 /well) cells were plated in 96-well and cultured overnight. At a confluence of 70-80%, cells were then transfected with miR-23a mimics/mimics NC, miR-23a inhibitor/inhibitor NC or siRNA-GAS5/si-NC (50 nM). After transfection for 24 h, cells were stimulated with LPS (1 µg/mL) for 24 h, and then incubated at 37 °C for 2 h by the addition of CCK-8 reagent according to the manufacturer's protocol. The relative viability was determined by calculating the OD 450 of cells relative to that of mocktransduced cells.
Apoptosis assays
Cell apoptosis was determined using Annexin V-FITC/PI kit (Cat.no: KGA108, Keygen, China). Briefly, transfected 293T cells were seeded into 6-well plates at a density of 2 × 10 5 /well, and transiently transfected with miR-23a mimics/mimics NC, miR-23a inhibitor/inhibitor NC or siRNA-GAS5/si-NC (50 nM). The cells were treated with 1 µg/mL LPS (Sigma) for 4 h after transfection for 20 h. The collected cells were incubated at room temperature for 15 min in the dark with FITC-Annexin V and propidium iodide (PI) solution according to the manufacturer's instructions. Cells were analyzed using flow cytometry (BectonDickinson, USA).
Statistical analysis
Data were expressed as the mean ± s.e.m. of at least three independent experiments for each cellular experimental group. We evaluated the data by two-tailed student's t-test with Graphpad prism version 5.0 (Graphpad software, USA). P value of less than 0.05 (*P < 0.05, **P < 0.01, ***P < 0.001) was considered as statistically significant difference. 
Results

MiR-23a participates in the regulation of ATG3 expression
Definitely, as an important effector, miRNAs act as negative regulators of gene expression. In order to explore whether miR-23a can target ATG3, we found a potential binding site between miR-23a and the 3'-UTR of ATG3 mRNA using the bioinformatics program (Fig.  1A) . We next checked the expressions of miR-23a and ATG3 by transfecting miR-23a mimics or miR-23a inhibitor. The results showed that miR-23a mimics or miR-23a inhibitor could increase or decrease the endogenous miR-23a levels ( Fig. 1B and 1C) . Meanwhile, ectopic miR-23a suppressed ATG3 expression, and knockdown of endogenous miR-23a induced an increase in ATG3 expression ( Fig. 1D and 1E) . To understand the effect of miR-23a on ATG3 was specific and the sequence in ATG3 3'-UTR was responsive to miR-23a, we cloned the 3'-UTR sequence of mutant and wild type counterparts into psiCHECK TM -2 dual-luciferase reporter vector. The luciferase reporter assay showed that the wild 3'-UTR of ATG3 exhibited a low level when transfected with miR-23a mimics, whereas the mutant 3'-UTR did not show a response to miR-23a (Fig. 1F) . Taken together, these data suggested that ATG3 was a specific target of miR-23a.
MiR-23a inhibits autophagy in vitro
Forwardly, we wondered whether miR-23a could participate in autophagy in vitro. The 293T cells were transfected with miR-23a mimics or inhibitor, and LC3 mRNA and protein levels were checked by qPCR or Western blotting. The results indicated that miR-23a induced a reduction in LC3-Ⅱ mRNA and protein expression levels ( Fig. 2A and 2B) . Besides, as a central regulator of autophagy, mTOR signaling pathway is involved in many cellular processes, such as apoptosis, metabolism, inflammation, and also plays a crucial role in autophagy process. MiR23a overexpression resulted in a significant upregulation of mTOR mRNA and protein ( Fig. 2C  and 2D ). Beclin1 is known as a key regulator of autophagy and mediates the autophagic cell death. Enforced expression of miR-23a significantly reduced Beclin1 protein expression (Fig. 2E) . Additionally, miR-23a mimics might inhibit the formation of ATG5-ATG12 complex and increase p62 expression (Fig. 2F and  2G) . From these results, we concluded that endogenous miR-23a regulated the expression levels of autophagy related genes, suggesting that miR-23a might be involved in autophagy process. 
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LncRNA GAS5 is able to directly bind to miR-23a and regulates miR-23a activity
LncRNA has been reported to act as endogenous sponge to interact with miRNA. To understand whether GAS5 could interact with miR23a in the autophagic pathway, we noticed that GAS5 contained a binding site of miR-23a using the bioinformatics programme (starBase) (Fig. 3A) . Recent studies showed that miRNA negatively regulated lncRNA. We asked whether this was also the case for miR-23a and GAS5. The results indicated that siRNA-GAS5 significantly reduced the endogenous GAS5 (the knockdown efficiency was about 85%) and increased miR-23a level ( Fig. 3B and  3C ). In contrast, miR-23a overexpression resulted in decreased GAS5 level (Fig.  3D) . To further validate this negative regulation of GAS5 MTOR mRNA and protein expression levels were increased after miR-23a mimics was transfected. (E and F) Beclin1 protein levels and ATG5-ATG12 complex formation were decreased, whereas (G) p62 protein level was increased after transfected with miR23a mimics. Data were shown as mean ± s.e.m. of three independent experiments (* P<0.05, ** P<0.01, *** P<0.001). Fig. 3 . LncRNA GAS5 is able to directly bind to miR-23a. The binding site between GAS5 and miR-23a was analyzed using the bioinformatics programme. 293T cells were transfected with miR-23a mimics/mimics NC, miR-23a inhibitor/inhibitor NC or pcDNA 3.1-GAS5/pcDNA 3.1, si-GAS5/si-NC. RNA was isolated and evaluated by qPCR as described in the text. (A) MiR-23a-binding site in the GAS5 wild-type form (GAS5-WT) and the mutated form (GAS5-MT) were shown in the upper panel. (B) GAS5 expression was decreased after treated with siRNA-GAS5. The knockdown efficiency was about 85%. (C) MiR-23a expression was up-regulated following knockdown of GAS5. (D) The binding site in miR-23a was important for miR23a to suppress GAS5. (E and F) The expression of Pri-miR-23a, Pre-miR-23a and mature miR-23a was detected after GAS5 or si-GAS5 was treated. (G) Dual-luciferase reporting vector containing GAS5-WT or GAS5-MT was co-transfected with miR23a mimics or mimics NC in 293T cells. The luciferase activity was performed as described in the text. Data were shown as mean ± s.e.m. of three independent experiments (* P<0.05, ** P<0.01, *** P<0.001). by miR-23a through a posttranscriptional mechanism, we determined the effect of GAS5 on levels of primiR-23a, pre-miR-23a and mature miR-23a. Ectopic expression of GAS5 induced a significant decrease in mature miR-23a. However, GAS5 had no effect on primiR-23a, pre-miR-23a. On the other hand, knockdown of GAS5 caused the upregulation of mature miR23a but not of pri-miR-23a and pre-miR-23a, indicating that the negative regulation might be through a posttranscriptional mechanism ( Fig. 3E and 3F ). To determine whether this suppression is through the potential interaction at the putative miR-23a binding site, we produced a luciferase construct of GAS5 (GAS5-WT) and a mutated (GAS5-MT). Luciferase assay revealed that miR23a could suppress the luciferase activity of GAS5, while directed mutagenesis of the predicted miR-23a binding abolished this effect (Fig. 3G) . These results demonstrated that GAS5 might interact with miR23a by this putative binding site, suggesting that GAS5 was a function sponger for miR-23a.
Knockdown of GAS5 suppresses the autophagy related genes through miR23a
To further test the functional role of GAS5 in autophagy program, we examined whether the inhibition of GAS5 was capable of affecting autophagy related genes. The results demonstrated that knockdown of GAS5 effectively suppressed the expression of LC3-Ⅱ mRNA and protein (Fig. 4A and 4B ). Subsequently, we Knockdown of GAS5 also inhibited 293T cell proliferation. (C and D) Down-regulation GAS5 increased cell apoptosis rate. (E and F) MiR-23a mimics increased apoptosis rate. By contrast, the apoptosis rate was suppressed after treated with miR-23a inhibitor. Data were shown as mean ± s.e.m. of three independent experiments (* P<0.05, ** P<0.01, *** P<0.001). 
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further confirmed whether GAS5 could regulate ATG3, a target mRNA of miR-23a. The data showed that knockdown of GAS5 resulted in a decreased ATG3 mRNA and protein levels ( Fig.  4C and 4D) . Also, Beclin1 expression and ATG5-ATG12 complex formation were suppressed ( Fig. 4E and 4F) , and up-regulated expression of mTOR and p62 was observed following si-GAS5 treatment ( Fig. 4G and 4H ). Taken together, these results suggested that GAS5 might target miR-23a/ATG3 axis in the autophagic cascaders and regulate the expression of autophagy key factors.
LncRNA GAS5 and miR-23a participate in cell viability
It is reported that LPS is involved in cell proliferation and apoptosis [14, 36] . To further explore the functional role of GAS5 and miR-23a in 293T cells, we tested whether GAS5 and miR-23a were capable of affecting the cell viability and apoptosis. 293T cells were transiently transfected with miR-23a mimics/mimics NC, miR-23a inhibitor/inhibitor NC or siRNA-GAS5/siRNA-NC following LPS stimulation. Cell viability assays indicated that miR23a overexpression inhibited 293T cells proliferation. Contrarily, administration of miR23a inhibitor promoted cells growth (Fig. 5A) . We further demonstrated that knockdown of GAS5 also inhibited 293T cells proliferation (Fig. 5B) . The results suggested that GAS5 and miR-23a could affect the activity of 293T cells. We next performed apoptosis assays by using flow cytometry with Annexin V-FITC/PI after LPS treated. We observed that downregulation GAS5 increased cell apoptosis rate ( Fig. 5C and 5D) . The results subsequently showed that miR-23a mimics increased apoptosis rate. On the contrary, the apoptosis rate was suppressed after treated with miR-23a inhibitor ( Fig. 5E and 5F ). Taken together, these findings suggested that GAS5 and miR-23a were involved in maintaining cell survival.
Discussion
Autophagy is a cellular self-cannibanlization process and emerges as an important mediator of pathological and pathological responses [1, 2, 15, 37] . It serves to preserve the balance between organelle biogenesis, protein synthesis and their clearance [38] . To date, more than 30 ATG proteins and ubiquitin protein system involve in autophagy process [2] . However, emerging evidences have revealed that ncRNAs contribute to autophagy and the regulation mechanism still need to be elucidated [39] . MiR-23a is reported to belong to miR-23a~24-2~27a gene cluster, and is conservative in different cell lines and functions in cell differentiation, tumor growth and metastasis [18] [19] [20] 40] . The present results showed that miR-23a could target ATG3 which functioned as a E2-like enzyme to participate in conjugating activated LC3-Ⅰto phosphatidyl ethanolamine (PE) for lipidation (LC3-Ⅱ) in the process of extension of autophagy membrane. The luciferase assay and western blotting assay further indicated that miR-23a negatively regulated ATG3 expression resulting in the reduction of LC3-Ⅱand Beclin1. Precious study has demonstrated that ATG12 is a target gene of miR-23a. ATG12 usually binds to ATG5 to form ATG5-ATG12 complex contributing to autophagosome formation [41] . Our results confirmed that overexpression of miR-23a could suppress ATG5-ATG12 complex formation [21] . Additionally, an increased expression of p62 was observed following miR-23a mimics treatment, and the inhibitor abolished the effect. On basis of these findings, the results indicated that miR-23a might represent a novel mechanism to involve in autophagy by targeting to ATG3.
As new regulator, lncRNAs have been affirmed to have considerable functional roles in development, differentiation and metabolism [25] . Increasing evidences have demonstrated lncRNAs are involved in the regulation of autophagic process. For instance, down-regulation of lncRNA MALAT1 attenuated neuronal cell death through suppressing Beclin1-dependent autophagy by regulating miR-30a expression [7] . LncRNA MEG3 suppression could inhibit apoptosis and proliferation through activation of autophagy in T24 cell [42] . GAS5 is originally isolated from the NIH3T3 cells using subtractive hybridization, which exerts its role in anticarcinogenesis, apoptosis and cell growth [43, 44] . Evidences demonstrated that mTOR inhibition can increase GAS5 expression [33, 45] , and it might be a potential regulator of autophagy [35] . However, the precise regulatory mechanism of GAS5 in autophagy modulation remains largely unclear. Our data investigated that mTOR expression of mRNA and protein was significantly increased with losing the function of GAS5. Moreover, downregulation of GAS5 decreased the expression of LC3, ATG3 and Beclin1. It also suppressed the ATG5-ATG12 complex formation and produced an increased expression of p62. The results seemed that GAS5 expression accounted for the transformation of autophagy levels by mTOR.
It has been demonstrated that lncRNA may act as endogenous sponge RNA to bind miRNA to regulate the expression of miRNA target gene. LncRNA APF could affect the activity of miR-188-3p by targeting ATG7 in myocardial infarction [25] . TUG1 functioned as an oncogenic lncRNA that promoted tumor progression sponging and competing for miR-382 binding to the miRNA target EZH2 [46] . LncRNA FLJ11812 could act as a competing endogenous RNA to regulate autophagy in vascular endothelial cells [26] . Recent data showed that lncRNA GAS5 could negatively regulate miR-21 [47] . In this study, the results showed that a significant negative relationship existed between GAS5 and miR-23a. We further found that GAS5 only had an impact on mature miR-23a, but no role in the transcription of primiR-23a and pre-miR-23a, indicating that GAS5 might regulate expression of miR-23a at the post-transcriptional level. According to the prediction of a database (starbase.sysu.edu. cn), GAS5 includes a binding site to miR-23a. The luciferase assay demonstrated that miR23a reduced GAS5 expression through the putative miR-23a binding site in GAS5. Our study further discovered that down-regulation of GAS5 was sufficient to inhibit ATG3 expression through increasing miR-23a expression. The finding indicated that GAS5 might be accessible to target miR-23a and the interaction of autophagy modulation between GAS5 and miR-23a was effective.
As a cellular self-protection mechanism, autophagy can protect cells to prevent metabolic stress and oxidative damage, which benefits to maintain cell survival, cellular homeostasis and the recycling balance of cell products. Many articles implicated that lncRNA could influence the cell viability by activating autophagy. BRAF-activated lncRNA (BANCR) contributed to increases PTC cell proliferation by activating autophagy [28] . Exogenous overexpression of PCGEM1 acted as sponge lncRNA for miR-770 to inhibit apoptosis, induce autophagy and stimulate proliferation in human synoviocytes [48] . Recent report showed that SNHG6 could epigenetically silence p27 and could competitively sponge miR-101-3p thereby regulating zinc finger E-box-binding homeobox 1 (ZEB1) [49] . In this study, miR-23a decreased the cell activity, accompanying with the increment of cell apoptosis rate following LPS stimulation. Additionally, cell proliferation reduced and the apoptosis cells numbers increased by transfecting siRNA-GAS5. This study showed that both miR-23a and GAS5 were able to modulate autophagy, and we inferred that the interaction between miR-23a and GAS5 might regulate cell proliferation and apoptosis by autophagy. 
Conclusion
As shown in Fig. 6 , our study revealed that down-regulation GAS5 attenuated cell viability and inhibited autophagy through ATG3-dependent autophagy by regulating miR23a expression, suggesting that GAS5 and miR-23a might modulate autophagy and involve in cell viability through their interaction. These results showed that GAS5/miR-23a/ATG3 axis might be a new potential target and biomarker for autophagy regulation and cytoactive study.
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